There is increasing cytological evidence that a substantial portion of cytoplasmic ribonucleic acid (RNA) is synthesized in the nucleus (1-4). In two of these papers (3, 4) as well as in earlier work (see pp. 133-135, reference 5) the evidence suggested that the nucleolus was the site (within the nucleus) where RNA synthesis was almost completely localized.
There is increasing cytological evidence that a substantial portion of cytoplasmic ribonucleic acid (RNA) is synthesized in the nucleus (1) (2) (3) (4) . In two of these papers (3, 4) as well as in earlier work (see pp. 133-135, reference 5) the evidence suggested that the nucleolus was the site (within the nucleus) where RNA synthesis was almost completely localized.
Since there are very few nucleoli per nucleus, in most cell types, the observation that the incorporation of RNA precursors into nucleolar RNA is more rapid and occurs much earlier than in other areas casts some doubt on the hypothesis that RNA is a carrier of information from gene to cytoplasm. That is to say, it is difficult to visualize how information from many chromosomal loci could be imparted to RNA synthesized at only a few loci represented by the nucleoli. The hypothesis might still prove valid, however, if one were to assume that RNA was synthesized at many chromosomal loci and was very rapidly transported to the nucleoli where some other activity took place, at a much slower rate. (This other activity might be the conjugation of RNA with protein). Such a hypothesis has been suggested by Woods and Taylor (3) .
If the latter assumption is valid, then one might find that following a very brief exposure to a radioactive RNA precursor, only non-nudeolar nuclear (or chromosomal) RNA would be labelled. The experiments herein described were concerned with testing this hypothesis.
Experimental
The methods and materials employed were essentially identical with those described in a more extensive paper (4) . Briefly, the procedure was as follows. Human amnion cells of an established cell line (6) were exposed to a normal growth medium containing 30 #c./ml. of tritiated cytidine, (specific activity 360 mc./mi) for * Supported by funds from the University of California Cancer Research Funds and the Brinton Fund for Cancer Research, administered by Dr. David A. Wood.
;~ Address after July 1, 1959: Division of Biology, University of Pennsylvania, Philadelphia. § Received for publication, May 5, 1959. periods of 2, 5, and 10 minutes before fixation. Some cells were treated with ribonuclease (0.4 rag. Worthington crystalline RNase/ml. at pH 6.7, incubated at 37°C. for 21/~ hours) and other cells were left untreated. The cells were then covered with autoradiographlc stripping film in the dark, stored for 30 days, and developed in the usual manner. The specimens were then examined by phase contrast and brightfield microscopy.
RESULTS
Examination of the specimens revealed very slight labelling of the cells after the 2 minute exposure to tritiated cytidine. The 5 minute sample showed significant nuclear, but no cytoplasmic labelling. Contrary to earlier observations, however, there was no very marked labelling over the nucleoli (Fig. 1) . On the other hand, at 10 minutes there was already a marked degree of labelling over the nucleoli (Fig. 2) . In order to obtain a quantitative measure of the extent of the activity over the nucleoli as contrasted to the rest of the nucleus, manual grain counts were made. The results are shown in Table I . Statistical analyses, employing weighted means, show that the difference in percentage of grains over nudeoli between the 5 minute sample (28 per cent) and the 10 minute sample (45 per cent) is highly significant at P ---0.001.
In each group the grain counts were made on 20 cells selected randomly except for the following considerations. Those cells in which the nucleoli were not distinctly outlined when observed under the phase contrast microscope were not counted. In the 10 minute sample one occasionally observed that a few cells were so metabolically active that some cytoplasmic labelling was already present despite such brief exposures to label. Since these cells also showed considerable activity over the nudeolus, it was reasoned that some of the nonnudeolar nuclear labelling might be due to RNA moving from nucleolus to cytoplasm and these cells were also not counted.
It should be noted that all the labelling is in RNA since there is no significant labelling in those specimens treated with ribonuclease before autoradiography. Apparently, there is also no significant incorporation of tritiated cytidine into DNA following such brief exposures. 
DISCUSSION
There are a number of possible hypotheses to account for the nuclear RNA labelling observed in the earlier work of other investigators:
1. All nuclear RNA is synthesized in the nucleolus. The labelling that we see in the nonnucleolar part of the nucleus would then be RNA on its way to cytoplasm.
2. There is independent synthesis of RNA on the nucleolus and on the chromosomes, the rate of nucleolar RNA synthesis being much more rapid.
3. All the nuclear RNA is synthesized on the chromosomes and is rapidly transported to the nucleoli, where the RNA remains for longer periods of time.
If hypothesis 1 is correct, then the non-nucleolar labelling at the 5 minute observation would represent RNA leaving the nucleolus. It follows, then, that at l0 minutes the non-nucleolar activity should rise at least proportionally to the rise in nucleolar activity. Since this obviously does not occur, it is apparent that hypothesis 1 is untenable if we assume a steady state process.
If hypothesis 2 is correct, then the non-nucleolar labelling at 10 minutes should be approximately double that at 5 minutes, unless the labelled RNA were moving to another location. The label is apparently not moving to the cytoplasm. It may be moving to the nucleolus, in which case hypothesis 3 would appear to be most acceptable.
Hypothesis 3 does, indeed, appear to be most applicable. Since the amount of non-nucleolar labelling has barely increased during the 5 to 10 minute interval, it would appear that the "chromosomal" RNA is moving to the nucleolus. The increase in the labelling of the nucleoli is of the order of magnitude that would be expected if all the labelled RNA found on the nucleoli were derived from the "chromosomal" RNA, without any independent nucleolar synthesis.
Thus, the data provide strong support for the hypothesis that the chromosomes are the primary site of synthesis of at least some portion of the cell's RNA. Suggestive evidence for the chromosomal synthesis of RNA has also been presented recently by Ficq et al. (7) , Gall (8) , and Swift (9) .
A final word of caution should be expressed. Although there is no specific reason to question the data, the possibility that the different media employed may have affected the metabolism of the cells has not been ruled out.
We are pleased to acknowledge valuable discussions with Dr. S. R. Pelc. * Received for publication, May 5, 1959 . (1) The score mark, s, is made about ~ of the way along the diagonal line of a square glass plate, about 4 cm. square, leaving a space on the distal corner to be broken. (2) The central region of the opposite surface of the plate is carefully hit repeatedly with a small hammer (sh) and a crack (cr) is made about 2/~ of the way along the diagonal line.* (3) A wooden or plastic stick (sk) is laid underneath the crack and the glass plate is broken along the diagonal score by laying a 15 cm. flexible rod (fr) across the plate, and perpendicularly to the score, and then pressing downwards on both ends of the rod with equal forces (F). (4) One of the broken pieces may be a usable knife (kn).
* In place of the tapping procedure, the plate may be fractured by applying a molten glass rod to the score. straight part shortens as the edge angle decreases. A sharp knife with a long straight part is particularly desirable in cutting serial sections.
The technique described here produces knives that satisfy both requirements of longer straight part and smaller edge angle.
Imagine a glass plate in the shape of an equilateral triangle. As long as the knife is formed by breaking the plate along any line other than the central one it will have a shape similar to those shown in Text- fig. 1 . However, if the plate is broken along a line very close to the center, nearly the whole width of the edge may be straight (Text- fig 2, and Figs. 1 to 5) .
The corner of a glass plate serves most conveniently as the vertex of the triangle. If the distance between the center line and the breaking line is less than about 0.25 ram., the straight, flawless part of the knife edge may be more than half the width of the edge; sometimes even almost the whole width. With glass strips of uniform width, it may be more convenient to work with square blocks. Text- fig. 3 illustrates a practical method.
One of us, (K. T.) has been using this technique for the past 2 years with satisfactory results.
